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AGRO-ENTO BIOINFORMATION :
TOWARDS THE EDGE OF REALITY
ABSTRACT
Informationcommunicationhasadvancedfromthefundamentaluniverse-bio-physics-
chemistryprobestoexplorationofbioprocessingtangiblesandintangibles.Boundedby
suchinformationadvancementframes,domainsof agro-forestryandentomology,and
medicine,havewitnessedprogressionthroughevolution,revolution,andbioinformation
in theirknowledgecontents.IntegratedPestManagement(IPM) paradigmssteeredthe
courseof agro-forestandmedical-industriesduringthe1800and1900eras.IPM Concept
isasyntheticframeworkthatresultsfromevolution,revolution,andpresentlybioformation
in domainsofagro-medico-ecologicalandanthropo-ecologicalctivities.A chronological
historyof pestmanagementparallelsthehistoryof industrialrevolutionandhighlights
man'sattemptsatdealingandlivingwith theenvironment,arthropodsandotherpestly
species.A cycleof progressionfromusingnaturalcontrolsto made-madeutilitiesand
backtoenhancingofnaturalprocessesisevidentasonewalksthroughtimeandspaceof
historyduringthedevelopmentofcivilization.IPM successdemandsusageandstringent
compliancewithecologicalimperatives,whichneedtobelucidlyexpressedasknowledge
precepts.Biologicalknowledgeis attheforefrontof thisusage,especiallywith thenew
millenniumbecomingtheAge of Biology.Consequently,bioinformationis commencing
to thrive as a global entity, which revolutionizes and drives societal progress.
Bioinformation, in brief, comprisesbiology, information algorithms, information
technology,andcommunicationprotocols.Thusbiologybecomesadomainofinformation
science.Attributesofbioinformationcanbedefinedthroughitsprimersandprofiles.The
primers,which entrainprocesses,bothnaturalandman-induced,includemechanisms
suchas protocols,algorithms,visualisations,and structuraland visual designs.The
protocolsrangefromthemolecularlevelstodomainsof largerdimensionssuchasthose
encompassingfraternitiesofpoliticsandpolicies,andsocietalapplications.Theseprotocols,
algorithms,andvisualisationsundergodynamicincubationprocessestoproducetheend
product, which is bioinformation. Entomology is an inherent componentof this
bioinformationrevolution.The informationcommunicationtechnologylinkagesare
exemplifiedthroughsimulation,modelling,andvisualizationexplorations.
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BIOLOGY AS AN INFORMATION & COMMUNICATION
DOMAIN
Biologyis fastbecominganinformationandcommunicationdomainofknowledge.Since
timeimmemorial,earlycivilizationsproducedintellectualsandphilosopherswhoexcelled
in informationandcommunicationknowledgedomains.Onlyafewofthesepeoplefocused
onbiologyasaknowledgedomain,whichprovidesinformationcontenthen.It is only
wheninformationsyntaxbecomesadefinitiveknowledgedisciplineknownascybernetics,
thatbiologicalcontente.g.biodiversity,progressivelyapproachesanumericalmatrixof
informationprotocol.
As oneascendsthe complexityscaleof organism,with time,themicrobesareat the
lowermostscale,incontrastwithmanoccupyingtheupperend.Theprogressin information
&communicationcanberepresentedby aseriesofsimplequestions,whichdoreflectthe
accretionof concernsin biologicalsciences.Theseconcernsexpandacrossthe entire
spectrumofknowledge,includingthesocialandbiophysicalsciences.
Earlyinman'sexplorationoftheuniverseandnature,twomajorquestionsemerged;What
areyou?Who areyou?Fundamentalandappliedexplorationsutilizefully theseprobing
questions.All characterizingandprofilingexperimentsandprojectsarebasedon these
leadquestions.Knowingthecontentsofmattersandparticlesleadresearcherstotheurge
of unravelingtheprocessesand mechanismsinvolved.Experimentaland exploration
resultsneedtobecommunicatedtoothersinterestedin thenewknowledge.Theprimary
questionthatprevailsthenis;How areyou?Analyticalmethodologytoexploreprocess
and mechanism,aDdcommunicationsprotocolemerged.Bio-prospectingof biological
materialsbegthequestionof;Whereareyou?Knowledgeof spatiallocationsenhances
informationcontentofbiophysicalentities.Theapexofbio-communicationisexemplified
in today'ssophisticatedigitaltechnologyofwirelessremotesensingofbiologicalentities,
both at size and spatialscalesof micro- and macro-levels.The nextprogressionin
bioinformationdelvesdeeperat the micro level;geneticengineeringprevailswhich
revolutionizesman'sentirelifeandhisenvironment.Theedgeof realityhasbegun.
The evolutionand revolutionof biologicalknowledge,with respectto agro-forestry,
medicineand environment,canbe best reflectedby briefly trackingthe principles,
definition, implementation,and historical perspectivesof pest managementand
bioinformation.
PEST MANAGEMENT
PerspectivesofIntegratedPestManagement(IPM)shouldinvokethefollowingelements.
IPM Goal: High Yields, High Quality, Low Risk - LEAST DISRUPTION TO
ECOSYSTEMS.
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IntegratedPestManagement(IPM) isapracticewherepestmanagementisonecomponent
in anoverallcropproductionsystem.IPM isbasedontheprincipleofprovidinggrowers
with thewidestarrayof optionsto controlpests,e.g.cultural,biological,chemicaland
genetictechniques.Theultimategoalof IPM is toensureproductionof abundant,high
qualityfoodandfiberin anenvironmentally,economically,socially,andculturallysound
manner.Thusmonetary,ecological,andsustainableconcernsareprimeissuesin IPM.
TheconceptofIPM hasrootsthatdatebacktothebeginningofthiscentury,whenfarmers,
agriculturalresearchersandfarmsuppliersbeganworkingin tandemtocontrolagricultural
pests.Early effortsfocusedon culturalpractices,croprotationsandplantbreedingfor
pestresistance.
Many growershaveadoptedIPM programsonavoluntarybasis.To thesegrowers,the
rewardsareobvious:Improvedsafety,environmentalprotectionandeconomicreturns.If,
however,policiesmandatethe adoptionof IPM, understandingwhat it is and how
programswill bemeasuredbecomescritical.Specifically,IPM criteriashouldnotbeformula
driven,mustbebroadin itsinterpretationandmusttakeintoaccountdifferencesamong
commoditiesaswell asthegeographiesin whichtheyaregrown.Tobesuccessful,any
criteriausedtojudgetheeffectivenessofagivenIPM programmustbepractical(science
based),agronomicallysound(allowforvariationwithinandamongcrops),economically
viable(costeffective),andhaveachievableandmeasurableobjectives.
IPM isintendedtoprovidegrowerswiththewidestarrayofenvironmentallysound,safe
and economicalpestmanagementools,including,when appropriate,synthetictools.
Becauseofthepotentialriskofcropfailurefrompestdamage,manygrowersareunwilling
toinitiateanIPM programthatdoesn'tallowfortheuseof specificchemicalalternatives
whenpestpressuresexceedmanageablethresholdlevels.Progressivegrowers,researchers,
andfarmsuppliershavelongrecognizedthevaluein thejudicioususeofsyntheticinputs
aspartofanoverallfarmmanagementprogram.
Therearemanyreasonswhy IPM programsaredesignedtodecreaserelianceonanyone
pestmanagementpracticeortechnique,includingtheuseof pesticides.Oneobjectiveof
IPM is tominimizeoreliminatepestresistancethroughthejudicioususeofpesticidesin
combinationwith otherpestmanagementtechniques.
Undoubtedlytechnologicaladvanceswill providethekeystosustainingsuccessfulIPM
programs.
Examplesof scientificand/or technologicalbreakthroughswhichenhancetheabilityof
growersto adoptand sustainIPM programsincludethe adventof narrowspectrum,
minimal risk pesticides,improvedplant geneticsand breedingtechniques,and the
developmentoftransgenicplantsthatoptimizepathogenstocontrolpests.Thecontinued
successof IPM programswiII dependon soundresearchand development,applied
outreachofdemonstratedIPM techniques,environmentallysoundagronomicdecisions,
effectiveagriculturalpoliciesandpositiveeconomicoutcomesfor thegrower.
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In spiteof thewell-documentedsuccessesattributedtoIPM, barriersexistthatimpedeits
development.Thesebarriersfall intothegeneralcategoriesofresearchanddevelopment
(R&D), policy,andgrowereducation.
IPM: DEFINITIONS & INTERPRETATIONS
In spiteof themanydefinitions,thereis commongroundwith respecto theprinciples,
thetoolsandthegoalsof IPM.
Principlesof IPM
• A systemsapproachtomanagingcroppests.
• Devisesstrategiestopreventeconomicpestdamage.
• Reliesonabalanceof techniquestomanagepests.
ToolsofIPM
• Biological(protect/ enhance/ releasenaturalenemies).
• Culturalpractices(croprotation,cultivation,irrigation,pestmonitoring).
• Chemical(pesticides,insectgrowthregulators,pheromones).
• Genetic(sterilerelease,resistantvarieties,transgenicplants).
GoalsofIPM
• To ensure production of high quality food and fiber in a sustainable,
environmentallysensitiveandeconomicalmanner.
• Tominimizetheriskstohumanhealthandto theenvironment.
WhatIPM Is
IPM is "theintelligentselectionanduseofpestcontrolactionsthatwill ensurefavorable
economic,ecologicalandsocietalconsequences."(R.L. Rabb,NCSU, 1972.(Associationof
Applied InsectEcologists))
IPM is apestpopulationmanagementsystemthatanticipatesandpreventspestsfrom
reachingdamaginglevelsbyusingallsuitabletechniquesuchas:naturalenemies,cultural
management,andthejudicioususeofpesticides.(FarmandForestINSIGHTS.)
IPM is a systemsapproachbasedon scienceandprovencropproductionandresource
conservationpractices.Itusesallsuitabletechniques,uchasnaturalenemies,pestresistant
plants,culturemanagement,andpesticidesin atotalcropproductionsystemtoanticipate
andpreventpestsfromreachingdamaginglevels.(Bruhnetal.,ConsumerResponseto
Informationon IntegratedPestManagement.JournalofFoodSafety(1992)12:315-326.)
IPM isasustainableapproachtomanagingpestsbycombiningbiological,cultural,physical
andchemicaltoolsin a way thatminimizeseconomic,healthandenvironmentalrisks.
(NationalCoalitionfor IntegratedPestManagement,January1994.)
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IPM is acomplexsetofbehavior,decision-makingprocedures,methods,technologyand
valuesorganizedtoprovideefficientalternativemethodsofpestcontrol.(J. AppleandR.
Smith[eds]1976.IntegratedPestManagement.PlenumPress.New York.)
IPM isathinkingfarmer'sphilosophyforpestmanagement.A thoughtful,comprehensive
approachtothechallengeof farming,it callsonmanydifferentdisciplines,seekinglinks
andrelationshipsamongthemratherthanseekingtoestablishaseparatescience.It is an
environmentallybasedpestcontrolstrategyofferedaspartofanoverallcropproduction
system.IPM providesadiversearrayofpracticesthatcanbeusedtogethertofightcrop
pestsin an economicallyandenvironmentallyefficientmanner.(KennethFarrell,Vice
President,AgricultureandNaturalResources,Universityof California.)
"Integratedpestmanagement,"meansacoordinated ecision-makingandactionprocess
thatusesthemostappropriatepestcontrolmethodsandstrategyin anenvironmentally
and economicallysoundmannerto meetagencypestmanagementobjectives.(From
OregonStatute,asusedin ORS634.650to634.670.)
What IPM Is Not
IPM is notnew
In oneformor anotherit hasbeenaroundsincetheadventof agriculture.Scientifically
basedprogramsspecificallyfocusedin thisarea,however,areonlyafewdecadesold.
IPlyI is not implementedovernight
ThedevelopmentofanIPM programmaytakeyearsofresearchandinvolveparticipants
suchasuniversityandExtensionresearchers,productionagriculture,pestcontroladvisors,
industryscientistsand,mostimportantly,farmers.
IPM is notorganicfarming
Organicfarmingisaphilosophicalapproachtocropproductionthatreliesonnosynthetic
inputsforeitherpestcontrolorplantnutrition.Organicfarmersarepreventedfrom\:\'2>~l\'6
someof thelow-risk techniquesandtechnologiesavailableto growerspracticingIPM,
simplybecausetheyaresynthetic.
IPM is notaformula toeliminateor reducepesticideuse
Well developed,science-basedIPM programshaveconsistentlyresultedin reduced
pesticideuse,astheyemployawiderarrayofpestmanagementtechniques.IPM programs,
by design,resultin safer,morejudicioususeofpesticides.
IPM is nota rigid programofmanagementtechniques
IPM is abalanceofall suitabletechniques,providingthegrowerwithoptionstomanage
pestswithin agivencropproductionsystem.
IPM programsarenotuniversal
Dependinguponthepestcomplexandthegeography,programsmaydifferdramatically
for thesamecropin differentgeographies.•
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ACTIONS AFFECTING IPM ADOPTION
PositiveActionsTo
PromoteIPM
• Developpoliciesthatwill fostercooperationbetweenregulatorsandgrowers.
• Involvetheregulatedcommunity,i. e.,growers,cropadvisorsandfarmsuppliers,
whendevelopingpoliciesthatpromoteIPM.
• Recognizethatalthoughreducedrelianceon pesticidesis oftenan outcomeof
IPM programs,pesticidesareanimportantoolinmanysuccessfulIPM programs.
ExcludingpesticidesfromIPM programsbydefinitionwill reducetheacceptability
of IPM asaneffectiveagronomictool.
• Developpoliciesthat don't impedeadvancesin minimal risk, effectivepest
managementtechnologies.
• Considergeographical,seasonal,climatic,biologicalandcroppingdifferenceswhen
developingIPM programs.
• Adopt evaluationcriteriathatarepractical(sciencebased),realistic(allow for
variationwithinandamongcrops),economicallyviableandhavemeasurableand
achievableobjectives.
• PromoteIPM research,developmentanddemonstrationprogramsattheuniversity
andCooperativeExtensionlevel.
• RecognizethatIntegratedPestManagement(IPM) is a matureconcept,which
improvestheenvironmentaland economicconsequencesof pestmanagement
throughbetteruseof informationandtechnology
ACTIONS THAT CAN IMPEDE IPM SUCCESS
• Failingtorecognizethatacceptanceof IPM by growersis drivenby economics.
• Establishinganationwide"formula"forwhatconstitutesadoptionof IPM.
• Discountingthesignificantcontributions,thatadvancesin technology,including
theadventofnarrowrange,minimalriskpesticides,will continuetomaketoIPM.
• ViewingIPM asamechanismtosimplyreducepesticideuseorequatingIPM with
organicfarming.IPM will onlyadvancewithunderstandingofagriculturalsystems
andtheintelligentuseofexistingandnewtechnology:
NecessaryElementsof a SuccessfulIPM Policy
Practical:IPM programsmustbebasedonsoundscience.Thisprocessinvolvesthecoupling
ofsolidfieldbiologyresearchwithworkabledeliverysystems.ForIPM tosucceed,agrower
hastobeabletoapplysoundscientificprinciplestohisagronomicdecisions.
Realistic: IPM programsmustbebroadenoughto allowfor variationfromareatoarea
andfromtimeto timethroughouthegrowingseason.IPM policyelementsmustallow
for enoughflexibility and options to accommodatedifferencesdue to geography,
temperature,climateandothervariablesthatexistwithin anygivencommodity.Rigid,
specificformulaswill notprovidethenecessaryflexibility.
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Economical: ThebottomlineisthatinorderforIPM programstobesuccessful,theymust
work economicallyforthegrower.Rigid,formuladrivenIPM programswill likelyresult
in increasedgrowercosts,i. e.,exposuretoeconomicloss,becausegrowersmaynothave
theflexibilitytoadapttopestproblemsthatarespecifictoaparticularcroporregion.
Achievable:IPM programsmustincluderealistic,measurableobjectives.Measurements
mustbebasedon soundscienceratherthanphilosophy.Criteriathataretoonarrowly
focusedmayinvitemanipulationratherthaninterpretationeededformeaningfulchange.
Retrospectives
EVOLUTION
Ecologicaland SocialMethodologies
Thebeginningof agriculturearound8000B.e. marksan evolutionarystagein man's
utilizationof naturalresourcesfor living purposes.Early recordsfrom China indicate
sericulturewaspartof theprimevalagro-systemaround4700B.e. Culturalcontrol(e.g.
burning),naturalchemicals(e.g.sulphur,plantmaterials,mercury,arsenic,oil sprays),
andbiologicalcontroltoalimitedextent,hadbeenpracticedinvariouspartsoftheworld,
especiallyincivilizationscentredaroundtheMiddleEast,wellbeforetheeraoftheRoman
EmpireandChristianity.TheSumerianswerealreadyusingsulphurcompoundstocontrol
insec;tsandmites,around2500Be. The firstwell-recordedhistoryof biologicalcontrol
occurredin Chinain 300AD. Predatoryants,Oecophyllasmaragdina,coloniesweresetup
in citrusorchards,with treesinterlinkedusingbamboobridges,tosuppresspopulations
of pestlycaterpillarandbeetle.Around 400AD, theapplicationof whitearsenicto the
rootsof transplantedricetoprotectagainstinsectpests,hadalreadybeenrecommended.
Similarbiologicalandnatural-chemicalmodesofmanagingpopulationsofvarioustypes
of pestcontinuetodominatetheagro-systemswell intothe1700A.D. Duringtheperiod
extending1000through1300AD, dategrowersin theArabianPeninsulaseasonallyand
augmentallytransportedculturesof predatoryants,fromnearbymountainsto control
phytophagouspestly-antsonthedatepalms.Simultaneously,mechanicalmethodsofweed
eliminatione.g.hoeing,croprotationandcultivation,hadbeenpracticedthen.Duringthe
1400to1500AD era,EuropehadeclipsedintotheDarkMiddleAges.Pestravageswere
oftenassociatedwithecclesiasticalomensanddogmas.Nevertheless,thesubsequentbirth
of Islamgraduallyreplacedunknownmysticalcausesof pestilentarthropodoutbreaks
with knowledge-basedeclecticresearch-empirical-basedfoundation.Europebeganto
radiatewithknowledgeandthequestforscientificexplorationanddiscoverybegan.This
wasthentheAgeofRenaissance.
Nevertheless,evenduringtheagriculturalrevolutionin Europe,around1750through
1880A.D.,naturalcontrolsandusageofnaturally-derivedsubstancesremainedthepest
managementnormsthroughouthiserainhumancivilization.TheRenaissancewitnessed
a proliferation of entomologicalwritings, which included insectdescriptionsand
discoveries.ThedescriptionswerelargelybasedafterLinnaeus. In 1732farmersbeganto
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grow cropsusing intensiverow systemsto facilitateweedremoval.Somestudentsof
agriculturalhistoryconsidertheagriculturalrevolutionin Europecommenceduringthe
periodbetween1750and 1880.This waswhencropprotectionbecamemoreextensive,
and internationaltradepromotedthediscoveryof thebotanicalinsecticidespyrethrum
andderris.
Duringtheearly1800's,manywritingsemergedonpestcontrol;thesewerecentredlargely
onculturalcontrol,biologicalcontrol,varietalcontrol,andphysicalandchemicalcontrols.
In 1840thePotatoBlight(Phytophthorainfestans)outbreakinIreland,EnglandandBelgium,
thusleadingtowidespreadfamine.Thiswasprobablythefirstbigwakeupcallfor good
pestmanagementstrategyandpracticetobeplanned,strategizedandimplemented.In
termsofsocietalmovement,wavesofexodusofhumanmigrationmarkedthebeginning
ofmassiveemigrationfromEuropetocolonizedlandsandcontinents.It wasduringthis
period too thatlargenumbersof predatorycarabidbeetlesCalasomasycophanta,were
collectedandliberated,tosuppresspopulationsof leaffeedinglarvaeof thegypsymoth.
Bythemid1800'sintensiveagricultureandbigpestproblemsbegantoemerge,especially
in theNew World i.e.theAmericas.Theperiodextendingfrom 1848to 1878saw the
introductionof ViteusvitifoliaefromAmericas,whichnearlyputanendtotheFrenchwine
industry.Thereleaseof thenaturalenemyTyroglyphusphylloxeraeto FrancefromNorth
America in 1873provided adequatelevelsof control.During 1870-1890,the Grape
Phylloxera(Viteusvitifoliae)andpowderymildewweresuccessfullycontrolledin French
vineyards,bytheintroductionofBordeauxmixtureandParis-Green,andtheuseofresistant
rootstalksandgrafting.Theyear1880heraldedthefirst commercialsprayingmachine.
Therevolutionin pestcontroloperationhadjustenteredthephaseof incipientdawn.
REVOLUTION
PestControlApplication
Thechemicalpesticiderevolutionwasprecededbyanalsostunningrevolutionisbiological
control,especiallyin agriculture.In the1860s,phytophagousinsectswerefirstemployed
tocontrolweeds.Perhapsthefirstandmostoutstandingsuccessofbiologicalcontrolwas
theintroductionoftheladybirdbeetles(vedaliabeetle),Vedalia(=Rodolia)cardinalis,from
AustraliaintoCaliforniain 1888tocontrolthecottony-cushionscaleinsect,Iceryapurchasi
Maskell,oncitrus.Breedingprogrammeswerealsoinitiatedin 1899todevelopvarieties
of cotton,cowpeas,andwatermelonresistanto thefungalpathogenFusariumwilt. In
1901,thefirstsuccessfulbiologicalcontrolofweeds(Lantanaspp.)wasachievedinHawaii.
This periodcoincidedwith theAgriculturalRevolutionEra in Europe(-1750-1900).In
facttherevolutionexpandedtomanypartsof theworld,includingtheUSA., Australia,
and parts of Asia, Africa, and SouthAmerica.This was also the ageof rapid land
exploitation,exploration,and colonization,by theEuropeans,and their descendents.
Subsequently,during a laterperiod,1920-1930,morethan30casesof naturalenemy
establishmentwererecordedthroughoutheworld.
The1890speriodwitnessedthewidespreaduseof leadarsenatefor insectcontrol.In the
fieldofmedicalentomology,1893markedtherecognitionofarthropodsasvectorsofhuman
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diseases.Subsequently,in 1915,thesuccessfulcontrolof mosquitoesvectoringmalaria
andyellowfeverparasites,led to thecompletionof constructionof thePanamaCanal,
afteritsabandonmentin thelate1800s.Theyear1930markedtheintroductionofsynthetic
organiccompoundsfor control of plant pathogens.The era of rapid revolutionin
widespreaduseof syntheticchemicalsforpestcontrolwasjustabouttobegin.
Subsequentchronologicaleventsareoutlinedbelow:
1939
1940
1940
1942
1944
1946
1950's-60's
1950's
1959
1960
1962
1963
1965
1966
1967
Recognitionof insecticidepropertiesof DDT
W .G.Templemanobservedtheamazingselectivityof theherbicidal
activityof '- naphthalaceticacid.The subsequentdevelopmentof
thiscompoundledto2,4-Din 1944andMCPA whichrevolutionized
weedcontrolin cereals.Useof milky diseasetocontroltheJapanese
beetleasthefirst successfuluseof anentomopathogen.
THE CHEMICAL SPRAY REVOLUTION.
Firstsuccessfulplantbreedingprogrammeforinsectresistanceincrop
plantsthroughreleaseofwheatresistanttotheHessianfly.Rediscovery
of theinsecticidalpropertiesofbenzenehexchlorideandin particular
itsgammaisomer("-BHC)sharedwithDDT thecreditforthedawnof
aneweraofinsectcontrolinagriculture,horticulture,storedproducts,
timberpreservationandpublichealth.
Firsthormonebasedherbicide- 2,4-Davailable
Firstreportof insectresistancetoDDT in housefliesin Sweden.
Widespreaddevelopmentof resistancetoDDT andotherpesticides
Firstapplicationsofsystemsanalysistocroppestcontrol
Introductionofconceptsofeconomicthresholds,economiclevelsand
integratedcontrolbyY.M.Stern,RF. Smith,R vandenBoschandK.S.
Hagen
First insectsexpheromoneisolated,identifiedand synthesisin the
gypsymoth
Publication of "Silent Spring" by Rachel Carson; led to world
reawakening of ecological backlashesfollowing intensive and
extensive applications of wide spectrum chemicals in the
environment.
K.E.F.Wattintroducedsystemssciencetopestmanagement
Releaseofcarbamateinsecticidepirimicarbandpirimiphosethyl,and
thesystemicfungicidedimethirimolforcontrolofmildewoncucurbits
Releaseof thesystemicfungicideethirimolfor controlof mildewon
cereals
Introductionof thetermINTEGRATED PEST MANAGEMENT by
RF. SmithandR vandenBosch.L.R Clark,P.w.Geier,RD.Hughes
andRF. Morris introducedtherelevanceof ecologyto IPM through
theconceptof "LifeSystems".Releaseofpirimiphosmethyl•
1969
1970's
1972
1973-1975
1985
1986
1986
1987
1988
1989
1989
1990
1991
1992
1993
1000590573
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US NationalAcademyofSciencesformalizedthetermIntegratedPest
Management
WidespreadbanningofDDT
Releaseof Bacillusthuringiensisinsecticidebasedon isolateHD-1 for
controlof lepidopterouspests
Developmentand releaseof the syntheticpyrethroidinsecticides
permethrinandcypermethrin
First resistancereportedto Bacillusthuringiensisin theflour moth
Plodia interpunctella.India andMalaysiadeclaredIPM theofficial
MinisterialPolicy.
GermanymakesIPM officialpolicythroughthePlantProtectionAct.
Indonesia; Presidential Decree makes IPM official policy.
Philippines - IPM implicitin Presidentialdeclaration.
OECD declarescontainmentproceduresfor geneticallyengineered
products.
IPM implicitin Parliamentarydecisionsin DenmarkandSweden.
MajorIPM successesin ricesystemsin Indonesia.
First resistancereported to geneticallyengineeredPseudomonas
fluorescentscontainingthedeltaendotoxinof Bacillusthuringiensis.
Jhe USA National ResearchCouncil proposed the conceptof
EcologicallyBasedPestManagement(EBPM).
Publicationof ShapingGenes:Ethics,Law and Scienceof Using New
GeneticTechnologyin Medicineand Agriculture, D.R.J. Macer(Eubios
EthicsInstitute,1990).
IPM implicit in multiyearplan for crop protectionintroducedby
Cabinetdecisionin theNetherlands.
United Nations Conferenceon Environment and Development.
Attendedby theWorld'sHeadsof State;introductionof Agenda21
(focussingon SustainableDevelopment& Environment),Rio de
Janeiro.
Morethan504insectspeciesareknowntoberesistantoatleastone
formulationof insecticideandatleast17speciesof insectspeciesare
resistanto all majorclassesof insecticide.150fungi andotherplant
pathogensareresistantand severalplantpathogensareresistanto
almostall systemic-fungicidesusedagainstthem.Fivekinds of rats
areknowntoberesistantothechemicalsthatareusedagainsthem.
Resistanceto herbicideshasbeendocumentedin over 100weed
biotypesand84species(CateandHinkle 1994).
1994
1994-2000
1996
1997
2000-
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Biodiversitystudiesmushroomedin manycountries.
Genetic Engineering researches & products emerged on an
unprecedentedscale
Crops
Animals
Animalproducts
Microbes
HUMAN GENOME PROJECT
Geneticallyengineeredsoybeansby MONSANTO.
GeneticEngineeringon Potatoesto increasestarchcontent.
AGE OF BIOINFORMATION
Prior to theageof bioinformation,therevolutionerawitnesseddevelopmentof huge
repositoriesof dataon insect(arthropod)biology,ecology,behaviour,physiology,and
population management.Numerical and functional descriptionand prediction of
populationdynamicsandresponsesinvoketechnologiesofsimulationandmodeling.Crop-
basedintegrated-teamresearcheswerethenorm.Examplesofsomeoftheseresearcheson
cotton,rice,andpolycrop(chilli-brinjal-Ieucaena)ecosystemsarelistedattheURL ofHassan
(2001).
Prospective
BIOINFORMATION
PrimersandProfiles
INTRODUCTION
Thenewsecondmillenniumheraldstheageof informationtechnologycoupledwiththe
bloomof biology.In general,themajorunderlyingfactorswhichwill largelycontribute
towardsprogressof a nationcanbe synonymisedas GESEL; governance,education,
sustainability,ecology,andlivinghumanity.Thedriversofthesefactorscanbesummarised
asthesynonymSIEMEN:Science&technology,InformationCommunicationtechnology,
Educationalprocessesand technology,Manpower expertise,Ecological-Economics
dynamics,andNoveltyenhancers.Hence,informationis acknowledgedasamajordriver
of societalprogressand development.In Malaysia,the developmentof information
technology(IT) or informationandcommunicationtechnology(ICT) hasbeenmoulded
by initiativesof theNationalInformationTechnologyAgenda(NITA). NITA emphasised
theneedto incorporateIT or ICT in everydomainof knowledgeandsocietalfunction.
HoweverNITA failedto formulatedefinitivelythemultiplierandexponentialeffectsof
ICT onstrategyandbusiness,asimpactingontheK-economy(NordinOthmanpersonal
communication2002).The new secondmillenniumalso seesthe dawn of an era of
renaissancein biology.Biologicalknowledgeanditsdownstreamapplicationspermeate
.,
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intothelifespheresofman,animals,plants,andtheenvironmentatlarge.Subsequentto
theindustrialrevolution,the19thand20thcenturywitnessedacceleratingpaceofhuman
progressbased on rapid developments in physical sciences,engineering, and
transportation.The21'1centuryandthenewmillenniumthenpromiseto betheageof
information&communication,andbiologicaldomains.
Thereis an essentialneedfor biologicalknowledgeto be transformeddigitally into
informationmatrices,toenabledigitalprocessingandtransformationforvariouspurposes.
Thesebiologicalinformationthenundergodigital incubationinvoking operationof
mechanismsandtools,atvariouslevelsof protocols,alongvariedpathsof algorithms,
and employingdifferingmethodsof visualisation.The incubationprofilesarein turn
controlledby thedesignarchitectures,asdeterminedby characterisingmodulessuchas
Format,Storage,Transmission,Models,and Languagesand Codes(e.g.Synchronised
MultimediaIntegrationLanguage- SMIL, andMultipurposeInternetMail Extensions-
MIME, respectively).Thedesignmouldisthenfurthermodifiedbyattributeswhichshape,
characterise,and determinetheattractiveness,interactivity,choreography,and user-
friendlinessof thedesignedvisualpackage.
TheConceptualModellingApproach(CMA) canbegeneralisedasanactivitywhichaims
tocapturetheuserrequirementsascorrectlyaspossible,bymappingtherequirementfor
onelevelofabstractiontoanother,toanimplementedsystem(Flynn1987).Threerelevant
conceptsare involved;Structure(objects/associations/ activities),Constraints(rules/
constraints),andProcess(dynamicbehavioure.g.updates)(Jamaludin1988).Fromthese
concepts,threemodelsarederived;theEntityModel whichmodelsStructure,theRule
Model which modelsConstraints,and theFunctionModel which modelsProcesses.
Activitiesof theCMA canbeelaboratedintoanumberof stages,eachwith itsown sub
branchesor functionalhierarchy.Thestructureand constraintcomponentscomprisea
Datamodel,whereastheprocessconstitutestheProcessModel.A ProcessModel canbe
viewedasconsistingof eventandoperationcomponents.Theconstraintsubsequently
linkstheeventandoperation.
Figure1: Majorelementsof theConceptualModellingApproachOamaludin1988).
Constraint
Initiates
Causes :( Operation J
E.g.protocol (Constraint:algorithms) e.g.visualisation
•
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In this paper, the profiling attributes(characterisingattributes,defining entities,
distinguishingfeatures)andprimers/primingprocesses(underlyingprocesses,drivers
i.e.drivingmechanisms,operatorsi.e.operationaltools)areanalysedandalignedtothe
CMAmethodologyandcomponents.TheStructureoftheEntityModelcanberepresented
by evententitiessuchasteachingandresearch,while theConstraintsberepresentedby
entitiesuchasdesignarchitectureattributes,andtheProcessesberepresentedbyactivities
whichcontributetobuildingthebioinformationblock.
ATTRIBUTES OF BIOINFORMATION
Fundamentally,bioinformationis a biologicalknowledgeentity,whichmaybeexplicit
and/or tacit.It occupiescoordinates,whichcanbe definedthroughits axes,including
sensory-perception,response-evocation,spatialdimension,temporalentity,knowledge
worth, economicvalue,societalgain, interactivedynamics,and its action/animation
potential.Undoubtedly,learningof bioinformationthroughtheInternettechnologycan
begreatlyenhancedbymaximisingusageoftheaction/animationcapability(Eddy1997).
In termsof downstreamapplication,therearemanycomponents,whichcanformcore
subjectsfor researchfoci and/or key modulesfor teachingandlearningexplorations.
In Fig. 1,thesecomponentsarehierarchicallydiagrammedasprotocolsandalgorithms.
Thebioinformationproductisanentity,whichis shapedbyprocessesofbothnaturaland
man-made.Naturalprocessesincludethoseevolutionarymechanisms,which structure
biodiversityprofilesandecologicalheterogeneity.In contrast,theman-madeprocesses
areresponsiblefor mostof thebioengineeringdomains,which includemechanisms
responsibleforgeneticmodificationof organisms.Duringthebioinformation-incubation
gestationperiod,all thebiologicalknowledgedataaretransformedintodigitalentities.
Thesedigitalentitiesthenundergofurtherprocessingtobecomevisualizationmodesand/
orproducts.It istheseproducts,whicharethenmouldedanddesignedintovariousdelivery
packages,for downstreamusage,including for educationaland appliedcommercial
entreprises(fordigitalandsocietalneeds).
Thecharacterisingprofilesof thevisualizationproductsaredetermined,toalargeextent,
by theirarchitecturaldesigns.Ideally,thesedesignsincorpqrateoptimalmeasuresof
characteristicssuch as Interactivity,user response-enability,embeddedhot-linked
hierarchies,animation-manipulability,audio-videofunctionality,simulative-capability,
modelling-capacity, predictive-usability, and navigational-functionality. These
characteristicsarethenenvelopedanddrivenby theirdesignparameters,of which the
primaryonesareformat,storage,transmission,andmodels.
BIOINFORMATION PROFILES
Sincebioinformationis a biologicalknowledgeentity,which is basedon biological
phenomena,ithasspatialandtemporalcoordinates,withprescribedstorageidentity,format
architecture,andsecurityattributes.
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Thespatialcoordinatesinclude:
Sensoryperception - how thesensesperceivethebiodiversityinformation.
Response-evocation- how thebiodiversityinformationinitiatesuser-responses.
Space - thespaceaxisin amulti-axescontinuum.
Value theperceivedworthof thebiodiversityinformation.
Interactive-ness - thelevelofflexibilityinusers'participation,whenresponding
activelytothebiodiversityinformation.
Action/animation - the level of flexibility in users'manipulationin creating
action-orientedresponsetothebiodiversityinformation.
Temporalcoordinatesrefertothetimeaxisin amulti-axescontinuum.
Storageidentity,formatarchitecture,andsecurityattributesareconfigurationsetup by
theauthor/ editor.
BIOINFORMATION PRIMERS
Theprimers,whichentrainprocesses,bothnaturalandman-induced,includemechanisms
suchasprotocols,algorithms,visualisations,andstructuralandvisualdesigns.Theseare
all listedin Fig.2.Theseprimersactasthemainenginecomplex,whichdrivestheentire
temporal-basedincubationprocess.Thedynamicincubationactivityisinfluencedprimarily
by thedesignarchitecturecharacteristics,andattributes.
Processes
Theprocesses,whichcomprisethesourcesofbioinformation(Fig.2),canbecategorised
intotwo majorgroupings:theman-madepartandnaturalcomponents.Theman-made
processescomprisedstepsinvolvedin theexecutionofbiological-basedassignmentse.g.
bioengineering.Thenaturalprocessesarethosewhichacton theenvironmentat large,
species,populations,andindividuals.Bothprocessesareasoutlinedbelow:
Man-made:
Formulate&brainstorm
Allocateassignments
Experiment,analyse,andinterpret
Meet& review
Designanddevelopgraphics& interfaces
Designanddevelopshareddocuments& reports
Monitorjobprogress
Communicatecontinuallytoimprovise
Present& demonstratetoelicitresponse
Repeatcycleif deemednecessary
Natural:
Genetic
Systematic
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Adaptive
Physiological
Ecological
Environmental
Cross-scalesuper-processes
Algorithms
Algorithmfor thedesignarchitecture(Fig.2)describescharacteristicsofpresentationor
visualisation,especiallypertainingtotheInternet.Theseareoutlinedbelow:
User-seductive
User-participation
Non-cluttered
Metaphoric
Introductorypanel
Indexpanel
Main pagepanel
Detailedinfopanels
Self-testpanels
User-friendly
Interactivity
Hierarchical
Linkedtoresources
RealTime&Non-RealTime
Figure2: FramechartofBiolnformationPrimers
Processes
Predefinedprocesses
(man-made)
Storage
bioin£ormation
t
Processes
(natural)
Protocols
Genedefining
Microchip
Circuits
Biotraits
Population
Algorithms
DNA profiling
(bioinformatics)
microelectronics
energetic
densitydynamics
sampling
genetics
biodiversity
Incubation)
Visualisation
Morphing
Animation
Simulation
Modulationentities
Metaphoring
Species
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biogeography
evolution
patchdynamics
cross-scaleinteractions
biophysics
biophysicalchemistry
Community energetic
sustainability
ecology
Politics &policies - (societalapplication)
geneticallymodifyingorganism(GMO)
bioengineering
bioprocessing
ethicalpressuring
ecclesticalpooling
globalising
prospecting
pirating
riskassessing
stockpiling
greening
Digital application
biowareengineering
biogroupware
bioautomation
Fgrmat
Storage ITransmissionModelsLanguage(E.g.SMIL, MIME)
Attributes
User-seductive
Userparticipation
Non-cluttered
Metaphoric
Introductorypanel
Indexpanel
Main pagepanel
Detailedinfopanels
Self-testpanels
User-friendly
Interactivity
Hierarchical
Linkedtoresources
RealTime&Non-RealTime
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ThealgorithmfortheInternetinputcomprisestepsinvolvedduringtheentireprocedure
commencingwiththebioinformationdatathroughconversiontotheWebformat.This is
visualisedin Fig.3below:
Figure3 : Algorithmfor Netinput
Processing
Conversion
Tonetformats
-~E
~
Tabulation
Graphication
Modeling
Simulation
Tables
Graphics
Models
Simulates
TEACHING & RESEARCH FUTURES
Teachingandresearchonbioinformation,includingagro-&entomology-basedcontents,
shouldutiliseweb-based(Internet)andlocalised(Intranet)technologies.Theinformation
valuesin thedocumentedbioinformationmodulescanbeenhancedbyconcomitantusage
of Internetresources.Undoubtedly,web-basedlearningthroughteachingandresearch
interactiveanduser-participativemodulesenhancesactivatedacademicexploration.Once
bioinformationcanbe organisedinto digitisedsystems,which cansolveapplication
problems,appliedbiologicalknowledge merges;andknowledgeitselfispowerforsocietal
progressand life enrichment.Henceenlightenedand advanceddigital teachingand
researchshouldinvoketechniquesandtechnologieswhichincludevideo-streaming,digital-
audioenhancement,artificialintelligence,expertsystems,3D-animatedmodelling,real-
timeprocesssimulation-modelling,instantaneousremotesensing,micro-and nano-
technologyvisualisation,and bio-ecologicalrate-processuser-basedsimulation.These
techniquesandtechnologiesarealreadyin existentoday,albeitthehighcostimplicated
toemploythem,Nevertheless,anation,suchasMalaysia,whichproclaimstobeafuture
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leaderindigitaleducationshouldbewillingtoinvestindigitaltechnology,notwithstanding
theknowncostsinvolved.It is envisagedthattherearethreemajorchallengesin digital
education,which needurgentaddressnow: multimediaintensiveapplication,wider
Internet-basedomain,andwirelessaccessibility.Undoubtedly,apartfromtechnological
input,a repositorywith increasingconvergenceof knowledgeresourcesis anessential
requisite.
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